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INTRODUCTION AND USE OF KEYS 


The species identification of mammal speci- 
mens can be a difficult undertaking for the in- 
terested, but untrained, person. Field guides 
are useful, of course, but to successfully use 
most one should already know the families of 
mammals. A way to help solve this problem 
may be to provide simplified keys which 
would enable an interested person to identify 
orders and families. This handbook, then, is 
an attempt to provide a stepping stone to spe- 
cies identification to anyone with an interest 
in mammals. With some patience and a will- 
ingness to learn a few terms which describe 
mammalian characteristics, these keys can be 
used not only to. identify orders and families, 
_ but also to learn characteristics which distin- 
guish these mammalian groups. From there, 
one can proceed to species identification 
through use of field guides or other literature 
designed for such use. 

Furthermore, I have found that the same 
problem arises in teaching a mammalogy 
course with a world wide taxonomic cover- 
age. A major stumbling block in laboratory 
instruction has been the inability of beginning 
students to determine quickly the order and 
family to which a particular specimen be- 
longed. Essentially they would have to be told 
and only then could they proceed to learn the 
characteristics involved. It is, to me, more ex- 
citing to be able to discover for oneself the 
familial identity of exotic, as well as native, 
specimens. These keys, then, are an out- 
growth of my desire to have a set of keys to all 
orders and families of living mammals avail- 
able as an identification and learning tool. 
They are not intended for the experienced 
systematic mammalogist. He will know al- 
ready the orders and most of the families. 
Presumably these simplified keys will be use- 
ful to beginning and intermediate mammal- 
ogy students as well as to interested amateurs. 
Should they be useful at other levels, I would 
be doubly gratified. 

The keys are dichotomous throughout. This 
means that the user must select one of two 
possible pathways (a or b) at each numbered 
couplet. The number at the end of his choice 


pathway will direct him to the next applicable 
couplet, or else there will be a name at the 
end of the selected pathway which will be the 
correct, if all choices made have been correct, 
ordinal or familial identification of the speci- 
men in hand. In constructing keys as broad as 
these, there will be inevitable mistakes and 
omissions. I find that construction of such 
keys is rather like putting together a jigsaw 
puzzle, except here there are extra pieces 
which do not fit anywhere. Not all specimens 
will “key down” because not all specimens 
will contain the “key” characters, or at least 
will have them only in a modified form. The 
student may be forced, in some cases, to fol- 
low both choices in a couplet and exercise 
some judgment as to where the specimen best 
fits. Hopefully, this type of problem is mini- 
mal. Problems that do arise, however, should 
be noted and drawn to the attention of the 
author. I hope that the keys may be improved 
over time. 

Certain areas of weakness in the keys are 
known. It is almost mandatory that a speci- 
men include both skin and skull for identi- 
fication. In practice this is frequently not 
feasible, particularly in such orders as the 
Cetacea, Pinnipedia, Proboscidea, Sirenia, 
Perissodactyla, and Artiodactyla. It is also 
true for other orders which include some fair- 
ly large species (Marsupialia, Primates, Car- 
nivora). Whenever this occurs, I have at- 
tempted to include at least one skull character 
in every couplet, but unfortunately this could 
not be done universally. Indeed, the very first 
couplet in the ordinal key does not contain a 
skull character. However, in cases such as 
this, there should be little difficulty in making 
a choice when characters are related to suc- 
ceeding couplets. Also, dentition (both num- 
ber and form of teeth) plays an important 
part in familial identification. This character, 
and other skull characters, frequently change 
as the juvenile grows to adulthood making it 
extremely difficult for the inexperienced to 
equate some forms. These keys are designed 
for the identification of adult specimens only. 
Certain juveniles and subadults may key 
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down correctly, but the fallibility of the keys 
for non-adult specimens is great. Also, there 
are certain genera which will not key down 
readily because they do not contain adequate 
“key” characters, or at least I have not found 
them. But this problem, I think, is minimal. 
Some knowledge of mammalian skin and 
skull characters is necessary in order to suc- 
cessfully key down specimens in these keys. 
With a little experience, and some familiarity 
with the keys, identification should be rela- 
tively simple. It should be pointed out that 
characters joined by “and” in the keys should 
be taken in common, whereas those joined by 
“or” indicate that some specimens have one 
character, others the second character. Usual- 
ly, the first character listed is the most reli- 
able. Also, since the inexperienced user will 
frequently be dealing with many new terms, a 
glossary identifying these as used in the keys 
is provided. Twenty illustrations are also in- 
cluded. Further useful definitions of skin and 
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skull measurements and skull parts may be 
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LIST OF COMMON AND SCIENTIFIC NAMES 


OF THE ORDERS AND FAMILIES OF LIVING MAMMALS 


Monotremata: monotremes or egg-laying 
mammals 
Tachyglossidae: spiny anteaters or 
echidnas 
Ornithorhynchidae: duckbilled platypus 
Marsupialia: marsupials or pouched mammals 
Didelphidae: American opossums 
Dasyuridae: marsupial rats, mice, cats, 
Tasmanian devil and wolf 
Myrmecobiidae: marsupial anteater 
Notoryctidae: marsupial mole 
Peramelidae: bandicoots 
Caenolestidae: mouse opossums 
Phalangeridae: phalangers, possums, 
cuscuses, koala 
Phascolomidae: wombats 
Macropodidae: kangaroos, wallabies 


Insectivora: insectivores 
Solenodontidae: solenodons 
Tenrecidae: tenrecs 
Potamogalidae: otter-shrews 
Chrysochloridae: golden moles 
Erinaceidae: hedgehogs 
Macroscelididae: elephant shrews 
Soricidae: shrews 
Talpidae: shrew-moles, moles 
Dermoptera 
Cynocephalidae: flying lemurs 
Chiroptera: bats 
Pteropidae: fruit-eating bats 
Rhinopomidae: mouse-tailed bats 
Emballonuridae: sheath-tailed bats, sac- 
winged bats 
Noctilionidae: bulldog bats 
Nycteridae: slit-faced bats 
Megadermidae: large-winged bats 
Rhinolophidae: horseshoe-nosed bats 
Hipposideridae: Old World leaf-nosed bats 
Phyllostomatidae: American leaf-nosed 
bats 
Desmodontidae: vampire bats 
Natalidae: funnel-eared bats 
Furipteridae: smoky bats 
Thyropteridae: disc-winged bats 
Myzopodidae: sucker-footed bat 
Vespertilionidae: common bats 


Chiroptera (continued) 
Mystacinidae: New Zealand short-tailed bat 
Molossidae: free-tailed bats 

Primates: primates 
Tupaiidae: tree shrews 
Lemuridae: lemurs 
Indridae: woolly lemurs 
Daubentoniidae: aye-ayes 
Lorisidae: lorises, pottos, galagos 
Tarsiidae: tarsiers 
Cebidae: New World monkeys 
Callithricidae: marmosets 
Cercopithecidae: Old World monkeys 
Pongidae: gibbons, orangutan, 

chimpanzee, gorilla 

Hominidae: man 

Edentata: sloths, anteaters, armadillos 
Myrmecophagidae: anteaters 
Bradypodidae: tree sloths 
Dasypodidae: armadillos 


Pholidota 
Manidae: pangolins 

Lagomorpha: pikas, rabbits, hares 
Ochotonidae: pikas 
Leporidae: rabbits, hares 

Rodentia: rodents 
Aplodontidae: mountain beaver 
Sciuridae: squirrels 
Geomyidae: pocket gophers 
Heteromyidae: kangaroo rats, pocket mice 
Castoridae: beaver 
Anomaluridae: scaly-tailed squirrels 
Pedetidae: spring hares 
Cricetidae: voles, hamsters, gerbils, New 

World rats and mice 

Spalacidae: mole-rats 
Rhizomyidae: bamboo rats 
Muridae: Old World rats and mice 
Gliridae: dormice 
Platacanthomyidae: spiny dormice 
Seleviniidae: desert dormouse 
Zapodidae: birch mice, jumping mice 
Dipodidae: jerboas 
Hystricidae: Old World porcupines 
Erethizontidae: New World porcupines 
Caviidae: guinea pigs, cavies 


Rodentia (continued) 
Hydrochoeridae: capybaras 
Dinomyidae: false paca 
Dasyproctidae: pacas, agoutis 
Chinchillidae: viscachas, chinchillas 
Capromyidae: hutias 
Myocastoridae: nutria 
Octodontidae: octodonts or hedge rats 
Ctenomyidae: tucu-tucos 
Abrocomidae: chinchilla rats 
Echimyidae: spiny rats 
Thryonomyidae: cane rats 
Petromyidae: rock rat 
Bathyergidae: African mole rats 
Ctenodactylidae: gundis 

Cetacea: whales 
Platanistidae: fresh-water dolphins 
Physeteridae: sperm whale 
Ziphiidae: beaked whales 
Kogiidae: pygmy sperm whale 
Monodontidae: white whale, narwhale 
Delphinidae: dolphins, porpoises 
Eschrichtiidae: gray whale 
Balaenopteridae: fin-backed whales 
Balaenidae: right whales 

Carnivora: carnivores 
Canidae: dogs, wolves, foxes, jackals 
Ursidae: bears 
Procyonidae: raccoons, coatis, pandas, 

kinkajous, ring-tailed cats 
Mustelidae: weasels, skunks, minks, 
otters, badgers 

Viverridae: civets, mongooses, genets 
Hyaenidae: hyaenas 
Felidae: cats 


Pinnipedia: walrus, seals, sea lions 
Otariidae: eared seals 
Odobenidae: walrus 
Phocidae: earless seals 
Tubulidentata 
Orycteropodidae: aardvark 
Proboscidea 
Elephantidae: elephants 
Hyracoidea 
Procaviidae: hyraxes, conies 
Sirenia: dugongs, manatees 
Dugongidae: dugongs, sea cows 
Trichechidae: manatees 
Perissodactyla: odd-toed ungulates 
Equidae: horses 
Tapiridae: tapirs 
Rhinocerotidae: rhinoceroses 
Artiodactyla: even-toed ungulates 
Suidae: pigs 
Tayassuidae: peccaries 
Hippopotamidae: hippopotamuses 
Camelidae: camels, llamas 
Tragulidae: chevrotains or mouse deer 
Cervidae: deer, elk, moose, caribou 
Giraffidae: giraffe, okapi 
Antilocapridae: pronghorn antelope 
Bovidae: cattle, antelopes, gazelles, goats, 
sheep 


KEY TO ORDERS OF LIVING MAMMALS 
ES EAA aE IE CT TE TT PTS ET TO AES FT ST ELS 


la. Body highly modified for aquatic life; fore limbs highly modified in the form 


of fitowery onmatidtes oy aaa fous ails ol eae lool bak tool Ue lan 2 
b. Body not highly modified for aquatic life; fore limbs not modified as 
Aipperecorqaggiqn orn Canok Laa0.0rs bre are, ela Soc oor 4 
2a. Hind limbs present externally; teeth heterodont, canines present......... Pinnipedia, page 22 
b. Hind limbs absent externally; dentition either absent, homodont, or 
cree IN SN NIRA LT CIDA ALINE ITER TS by 
3a. Teeth absent or homodont; nostrils on top of head (blowhole) ; nasal bones 
well developed or nasal bones reduced and skull asymmetrical.............. Cetacea, page 20 


b. Teeth heterodont (incisors and molars, wide diastema) or absent; nostrils in 
anterior location; nasal bones rudimentary or absent; skull symmetrical... Sirenia, page 23 
4a. Fore Timbs ‘modified as wate g7 5.205 eee ae ee ee Chiroptera, page 11 
b. Fore Tits ‘not n0digeee eee Scat, ee. cs F 
5a. No lacrimal bones and jugals reduced or absent (skull well fused, may not 
be an obvious character ) ; no auditory bullae; toothless in adult; rostrum long 
and tubular or expanded as “duck bill”; epipubic bones present..... Monotremata, page 9 
b. Not with above combination of characters............2...2.22222222222.202-2eeeeeee eee 6 


b 


Figure I. Dorsal views (with ventral views of angular portion of ramus) of the 
inflected angle of the lower jaw of Didelphis (a) and non-inflected 
angle of the lower jaw of Lynx (b). 


6a. Well developed patagium connecting neck to fore limbs, fore to hind limbs, 
and hind limbs to tail; lower incisors comblike, lower canine lobate..Dermoptera, page 10 
b. Not with above combination of characters.....................--2...0.0.c0:seeeee-eeeeeeeee 7 
7a. Skull usually with relatively small brain case and large facial region; jugal 
forms part of glenoid fossa; angle of jaw inflected in most species (fig. 1a); 


nasals large and expanded posteriorly; epipubic bones present........ Marsupialia, page 9 
b. Not as above; angle of jaw rarely inflected (fig. 1b) -.........--..22..2----------------- 8 
8a. Teeth absent, or cheek teeth homodont and peglike in adult.......................---. 9 
b. Teeth presenti chetiddeah ons :o101586s- areas dess-sadia-saue bea tine 13 
G50 PCR RREE OS. DOL AQIS cscs corersseneserersevseeneend ponents date-aiaemesyse-s) 10 
b. Feeth presents: ./ 3208! diemiail legal bavi eb habe eeeeis Oe eat | 
10a. Body mostly covered by horny scales..................-----2-----------00--00--00--+ Pholidota, page 16 
b. Body not covered by horny scales..............-..--.2---------1---0--00--0-+ Edentata (part) , page 15 


14a. 


18a. 


19a. 


Body mostly covered by armor of bony skin....................-22-------. Edentata (part) , page 15 
; Rody-mithout. armornal. bony. eli ts escicemsesiaaomermensee scons eseeidinncein cb cean ea ioe 12 
. Digital formula 4-5; zygomatic arch complete; teeth without enamel and 
COURAITINGT TEAIEy CUNAIee oor oe noes ee eee cae Tubulidentata, page 22 
Digital formula 3-3 or less; zygomatic arch incomplete; teeth without enamel 
EUS ene ee aot eee 2 CL, Edentata (part) , page 15 


. Digits not clearly separated; proboscis present; cheek teeth composed of 


transverse plates (fig. 2); one functional tooth in each half jaw....... Proboscidea, page 22 
Digits clearly separated; no extensive proboscis; cheek teeth not as above......14 


Figure 2. Cheek tooth of Elephas showing structure of transverse plates. 


Incisors 2/1 or 1/1, canines 0/0; wide diastema between incisors and cheek 
teeth; open orbit (orbit not ringed by bone); total length less than 1500 mm..15 


Not with above combination of characters..........2.2..2.-22-----0-20c20e-eeceeeeeeeeeeeees 16 
- ameasors 2/35 cars dongerthantail jlo een de Lagomorpha, page 16 
. Incisors 1/1; ears usually shorter than tail... eee Rodentia, page 17 
Digits possessing definite claws or nails...........-222.--2-------2eececeeeee eee 17 
. Digits not possessing definite claws or nails... eee eee 20 
. Digital formula 4-3, nailed (claw on first functional digit of hind foot, second 
actual digit); upper incisors evergrowing, enamel lacking on posterior 
surfacesii lL _Dtise: Ol otal se a) GO) Aan pr ok tee Hyracoidea , page 22 
Digits with claws or nails; more than 3 digits on hind foot; upper incisors not 
evergrowing, enameled on all surfaces (except Daubentoniidae) -................... 18 


Hallux opposable, 1 or 2 upper incisors in each half jaw, and nails on at least 

one digit of each foot; or 2 upper incisors in each half jaw and closed orbit........ 

SA MER AREE ERIE os RO, PEE, 5 TS UE Soh a RUNG 4S HEI Primates, page 13 
Hallux not opposable; digits clawed; or without 2 upper incisors in each half 

jaw and closed orbit 
Canines enlarged over other teeth, conical, recurved, sharp-pointed, single- 

rooted; zy gomatio-arelt present: 2.20 eerie eh sun, cleo eRe Pt Carnivora, page 21 
Upper canines as small as or smaller than largest other tooth; or if upper 

canines larger than largest other tooth, canine not round, not conical; or 

canine with 2 roots; zygomatic arch may be absent................-.--------- Insectivora, page 10 


20a. Weight supported on third digit of each foot (axis of foot through third digit, 
i.e.; mesaxonic) ; nasal bones expanded posteriorly; upper molars and 
premolars similar; molar surface pattern of lophs or flattened, 
ELIE: LTR ME LMI LETT I Perissodactyla, page 23 
b. Weight supported by third and fourth digits of each foot (axis of foot between 
third and fourth digits, i.e., paraxonic) ; nasal bones not expanded posteriorly; 
upper molars more complex than first premolars; molar surface pattern 
composed of Cusps or:Creseemts.c202-.5.50. ._..--—------te=o Sg Artiodactyla, page 23 


Key to Families of Living Monotremata 
la. Rostrum long and tapering anteriorly; body with heavy spines; tail 


WeSC asa sani saan ennetcnhcneniinne oe SRO a SNOES T+ Tachyglossidae 
b. Rostrum expanded anteriorly to form “duck bill”; body without spines; 
Mtl WET evel nin eee senpenesscetseese  DESTOD-Le Ornithorhynchidae 
th Wi bh [A 
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Figure 3. Unjoined digits of hind foot of Didelphis (a) and syndactylous 
hind foot of Petaurus (b). 


Key to Families of Living Marsupialia 
la. Incisors 3/3 or more; hind foot not syndactylous (fig. 3a), except 


Ac ci: anh, Sai. ACPA AC IR... Ie TRINA: (5 AEE NNN. Shere) 2 
b. Incisors less than 3/3; hind foot syndactylous (fig. 3b) -....-..-..-.--.---------2-+-00-++ 4 
2a. Incisors 5/4; total teeth 50 in full dentition; digits 5-5_...................- Didelphidae 
b. Incisors not 5/4; total teeth not 50; digits 5-5 or less... 3 
3a. Teeth well separated, evenly spaced, small, weak, may be of unequal sizes; 
UGS: fA SIME CRA ats cans eon aassnensh Myrmecobiidae 
b. Teeth not well separated, not small or weak; digits variable; snout usually 
HOPsrsereee ste Pre babe, GA ee te Loa Le ee a 4 
4a. Eyes vestigial, concealed beneath skin; horny shield on nose; claws of 
digits 3 and 4 of fore foot enlarged; molelike_.............2.....,--. Notoryctidae 
ib. PIGE-OS BbOvE net mioleiKS.2 4 BU PB it Bape POR Fo OE a chaslacs S 
Sa. First lower incisor enlarged, extremely procumbent and followed by 4 or 5 
unicuspids; South Amerie een See! Pure a Caenolestidae 
Ds NOES. -ADOVO-acecscssscvenmescecccssenatc sees cramcnpttonsranssdeesaconbtnecche a EOE 6 
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. Hind foot syndactylous; last lower incisor bilobed.....................--.- Peramelidae 


. Hind foot not syndactylous; last lower incisor usually not bilobed.....Dasyuridae 
f ACRE ANCA og te eR Se ere Ae te Os, 8 
a 1) Sa EC BOR: De ee AON RU TON Ramee AMC AAI ST OL 9 
. Incisors 1/1; total teeth 24; hind foot partly syndactylous; digits 5-5 

(hatlhex’ westeptal, clawihess:) 02.32. scl pets tenets Phascolomidae 
. Incisors 3/1; total teeth 32-34 (28 if fourth molars not erupted) ; hind 

foot syndactylous; digits 5-4................. Macropodidae (mostly Macropodinae ) 
* Digits:5-5; first-hind toe opposable..... 0.20 kc Phalangeridae 


. Digits 5-4 (except Hypsiprymnodon 5-5 and first hind toe not opposable) ........ 


Dera, cal, Meee Cee tA eee No iy tai Macropodidae (mostly Potorinae ) 


Key to Families of Living Insectivora 


. Zygomatic arch present and complete..................-..2-----------------0--20eeeeeeeeeeeeees 2 
.» Lygomatic arch incomplete or absen'--....026011....4.20 acide ect 7 
. Aniditoty-dullac well developed. coscuccsceranc Gawd paandendieee- i.e 3 
. Auditory bullae absent, or poorly developed..................2..2----2---2------ee--eo 4 


. Molelike, fossorial; digits 4-5 with central two of fore foot bearing huge 


claws; eyes poorly developed, covered by skin .....................---. Chrysochloridae 


. Not molelike, saltatorial; digits 5-5 or 5-4; eyes well developed, not 


COVETOC AIS Sat eo che Ea pigs ch Bhai ie Macroscelididae 


. Not fossorial, front feet normal; zygomatic arch strongly developed.. Erinaceidae 
. Fossorial, front feet usually enlarged for digging; zygomatic arch 


WEAK TY AIC VRlO DCE Setiatg ria Caer ES acter strc eo no 3 Eg Talpidae 


Figure 4. Procumbent first lower incisor of Suncus. 


5a. Total teeth less than 34; first lower incisor extremely procumbent (fig. 4) -......... 
DP Ee ORS RE ER RE ein OED ENON, COVA RNRES: ENE AN NORE AOE ERASE ES Soricidae 
b. Total teeth 36 or more; first lower incisor not procumbent, or only 
SEL MPEERY POU UNTIIEIC RIE So Mae xed ee a 6 
6a. First upper incisor very large, obvious gap between first and second upper 
incisors; skull constricted slightly between orbits; Cuba and Haiti only.............. 
I ele No Pema a Ad il NR Wn le WR, ca Noh STR IONE Ps Solenodontidae 
LAE 3 2 2) ER os 9 —sllR el ea Se AB PO Ain, APS wD in Os SU ee i 
7a. First upper and second lower incisors caniniform, canines premolariform 
(obviously double-rooted) ; otterlike -..............2....2...22-.-22-0-------+ Potamogalidae 
EINE eis ON ret on racer tea rape cede Rat Per cat aed Hig pe kore eats ae Tenrecidae 


Order Dermoptera 
Family Cynocephalidae 


Key to Families of Living Chiroptera 


la. Second digit of wing usually clawed; mandible with broad, low angular 


2a. 


4a. 


b. 


process, or none at all; tragus absent (fig. 5a); margin of pinna a complete 
ring; cochlea of ear relatively small, not constricting basioccipital...... Pteropidae 


. Second digit of wing never clawed; mandible with well developed, long, 


narrow angular process; tragus usually present (fig. 5b); margin of pinna not 
forming a complete ring; cochlea of ear large, frequently constricting 
PRR ered os ppesig oe ea adele coll eens ok semen Pra eace Saad at ncaeaeanordiny ore 2 
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Figure 5. Ears of bats showing absence, Epomophorus (a), or presence, 
Trachops (b), of tragus. 


No premaxillaries or upper incisors; bifid tragus; ears joined by inner edges 
for up to one-half their length; no external tail (some phyllostomatids 


yi tesredey * SU. BI, IR AS Sa RE SS ee Lcd Megadermidae 
. Premaxillaries and upper incisors present; tragus and ears not as above; 

URE W iter Super At TAR. DENSON, Te OE YO 2 3 
. Large, obvious, circular suction pads on ankles and wrists (fig. 6) -...........-.-- 4 
. Without suction pads on ankles and wrists -............--..-.----------------e-eeeeeeeeeeees 5 


Figure 6. Suction pads on ankle (a) and wrist (b, c) of Thyroptera. 
Stalked condition of pad is also shown (c). 


Suction pads stalked (fig. 6c) ; no mushroom-shaped process in ear; 


EE 5 EP TERI NT. 205 ER epee arr PERT Thyropteridae 
Suction pads sessile; mushroom-shaped process in ear; Malagasy only.........--.-- 
a ag Ra a El aa eh oad gases SO Myzopodidae 
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5a. Tail mostly free of narrow interfemoral membrane, almost as long as 
TRC GAU AINA TOE oc hng x Seca hare Sse led T ete et sh Me sO Rhinopomidae 
b. Tail not mostly free of interfemoral membrane (part of tip may be free), 
shorter than head and body; or tail absent..............-...----------------------eeeeeeeeee e+ 6 
6a. Tip of tail free from and lying on upper surface of interfemoral membrane 
(fig 7D OF LAU ANRC HY =. 9 20> .25 urn” weres pact svar mera ue accel tN Sey i 


\ 


. Tip of tail not free (fig. 7a), or if free, not lying on upper surface of 


inferfemoral membrane (he. 1C)s 2 ye ia hh ei EL) SI apenas 11 


~\ 


\!! 
HSS 
nya 


Figure 7. Termination of tail in bats: tail enclosed in membrane, Pizonyx (a); tip of 


tail free on upper surface of membrane (two views), Noctilio (b); 
tail free, Tadarida (c). 


7a. Postorbital processes present (fragile) -....-.....22222-2----eee Emballonuridae 
b:* No«postorbital: processes: oN jucn 0 Saanhe mitted ee A ao sh le 8 
8a. Total teeth 26 or less, all bladelike with no crushing surfaces......Desmodontidae 
be-"Petal teeth: 28°On MOTs ef aie ues cage ANC eee A eR ce eh 688 lee A 9 
9a. Total teeth 30-34; or total teeth 28, and tailless_.........2222....2..... Phyllostomatidae 
Bye Otalteetl 28. AN Cane etree. ees, cy ao Lo et LE es ee nt ed 10 
10a. Incisors 2/1; cheek teeth 4/5; New World............0.-222222222222--0200---- Noctilionidae 
b. Incisors 1/1; cheek teeth 5/5; New Zealand.................2-222-2------------ Mystacinidae 
11a. Tail ending in T- or Y-shaped tip at posterior margin of interfemoral 
;U1C)071 8) 2211 oe ane oe eee Se me ney Oe hte: Free «POS, ame yA Nycteridae 
b.sF ail NOt CAGing-AS-ADOVer 25.2.5 .eel ase: ey eee ie ee ps 12 
PA, TASS) AUSENt. Acts iia Bian aces ae ee RON A aM, see 13 
De Pages OPS HU 22 oe not. ht cs eh peau a Ss teen mE ony eae ay a saa 14 


All toes, except hallux, with three phalanges............................-.- Rhinolophidae 

| Plbtoes with two plaalagges 8 Wh 10-4 Us nso eatescee ce sens Hipposideridae 
BG os i eS! i A hoe nn ere ee 15 
Total teeth 34 or Ness... B A000 .g pein s ee Pa tia ce sek cnn onteees 17 

. Pollex rudimentary, with minute claw, and enclosed in wing membrane............ 
Te ne) Ae ae ee | ee Furipteridae 
en Phe eee ee eT 16 


a b 


Figure 8. Premaxillary gap of Myotis (a) and notch at anterior end of palate 
of Natalus (b). 


. Anterior bony palate and incisors separated at midline by a 


ic ge Gi et cc ne ae Ae Vespertilionidae 


. Anterior bony palate not separated at midline by a premaxillary 


gipeeie: inns cant tip 118.) mie. pees. lad ee ees 6 Lee Natalidae 


. Hind digits 1 and 5 each with outer fringe of stiff hairs; tail extending well 


beyond posterior margin of interfemoral membrane (fig. 7c)........... Molossidae 
Hind digits 1 and 5 without fringe of stiff hairs; tail not extending beyond 
posterior margin of interfemoral membrane (fig. 7a), or in a few species 
Wa exe ns taciow mani lmneteiieess 2) iil uch Ma a attest 18 


. Upper incisors separated at midline by a premaxillary gap (fig. 8a); 


usually ne mosesdedf yaiccett.wesd uerch. peaieetisstocliatscs Ion: Vespertilionidae 
Upper incisors not separated at midline by a premaxillary gap; nose leaf 
obviously present, or rudimentary.........-......2.-2--2---------0-20--0-+- Phyllostomatidae 


Key to Families of Living Primates 


. Dental formula 2/3, 1/1, 3/3, 3/3=38; digits 5-5 and clawed............... Tupaiidae 
. Dental formula not as above; nails on some digits -.........-.22-.2-.2-----2--20eeee-eo-+ 2 
. Dental formula 1/1, 0/0, 1/0, 3/3=18; incisors with enamel on anterior 

surface only; digits clawed except hallux which is nailed........... Daubentoniidae 
. Dental formula greater than above; incisors enameled on all surfaces; 

Sicussii is |) Re 2 ks ne oh. Annee cee. oe 3 
. Upper incisors (absent in Lepilemur) separated at midline by space; orbital 

and temporal fossae confluent; face elongated................22.22-.2--220-22-200200000----- 4 
. Upper incisors not separated at midline by space; orbital and temporal 

fossae almost or completely separated; face shortened .............222.2222220-22------ 6 
. Maximum number of teeth 30, upper cheek teeth five -................--.---- Indridae 
. Maximum number of teeth more than 30, upper cheek teeth six -................. ) 


13 
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Figure 9. Reduced second digit of front foot of Nycticebus. 


ENN A Se at SSS AQ EEE. 
AW 7 PM aWWV%Z 
ar \ NW OMe res \ WW iff! Foo 
MW . 


a b 


Figure 10. Lateral opening of nostrils of platyrrhines, Saimiri (a), and anterior 
opening of nostrils of catarrhines, Macaca (b), as they usually 
appear in a prepared specimen. 


b 


Figure 11. Absence, Cacajao (a), or presence (arrow) , Macaca (b), of bony 
external auditory canal. 


14 


Sa. 


Figure 12. Transversely bilophodont molar of Macaca. 


Second digit of front foot reduced (fig. 9) or absent, or digits with flattened 


pads at tips; upper molars with four cusps ...............-.2---2-.-22--200-20----- Lorisidae 
. Second digit of front foot present and not reduced; no flattened pads at 

tips; upper molars essentially with three cusps ...................-2------------- Lemuridae 
. Digits much elongated with enlarged, rounded pads at tips; orbital and 

temporal fossae not completely separated; incisors 2/1 ...................--- Tarsiidae 
. Digits without enlarged rounded pads at tips; orbital and temporal fossae 

completety separated; MCBOTS 2/2 fo sf 7 


. Nostrils open laterally, separated by wide nasal septum (fig. 10a); no bony 


external auditory canal (fig. 11a); no ishial callosities (Platyrrhini; 
fo a Taerdy deplete Rena ae intoresaeenine UP ede ae een aeenene 8 


. Nostrils open anteriorly, separated by narrow nasal septum (fig. 10b) ; bony 


external auditory canal (fig. 11b); may have ishial callosities (Catarrhini; 
Cereopiiiccoitica and ominoides ) \0:0.2..151.2-40nc ABA cccitesciecloes 9 


. Total teeth 36, cheek teeth six; digits with flattened or curved nails 


CROC erie See POE NE Lae etic cera dato abe stsszasanes Cebidae 


. Total teeth 32, cheek teeth five; digits clawed except hallux nailed..Callithricidae 
. With tail (absent in Cynomacaca) ; molars transversely 


se a2 be Bt a ie pA AL de ee eo UAL CEPA YA Badia Cercopithecidae 


. Tailless; molars not transversely bilophodont ....................-.22.-22--2+--2+-20-------+ 10 
10a. 


Cranium greatly developed and forming major portion of skull; brow ridges 
not prominent; mandibular symphysis not strengthened by posterior bony 
shelf; tooth rows form rounded arcades; hallux not opposable; canines not 
greatly enlarged in males, about size of adjacent teeth -...................-. Hominidae 


. Cranium smaller, with face forming major portion of skull; brow ridges 


prominent; mandibular symphysis strengthened by posterior bony shelf; 
tooth rows tend to be parallel; hallux opposable; canines greatly enlarged in 
inales,-Tarper THAR adjacent tipi Aik. ao ss. cle gies ise ence Pongidae 


Key to Families of Living Edentata 


.. Tet absent; well developedaran (oir 8S See URNS Myrmecophagidae 
. Teeth present; tail either poorly developed and with partly fused vertebrae, 


or developed aiid without fused. vertebrae! 5 oo Dg ee ee 2 


. Armor of bony skin over much of body; zygomatic arch complete; digits 


me isast SS), LE et We oath ans hye ty Dasypodidae 


. No bony armor; zygomatic arch incomplete; digits 3-3 or less -...... Bradypodidae 


15 


16 


Order Pholidota 
Family Manidae 


Key to Families of Living Lagomorpha 


la. Five upper cheek teeth in each half jaw; no postorbital processes on frontal 
bone; cutting edge of first upper incisor V-shaped; no externally visible tail; 
ears short, rounded; hind limbs only slightly enlarged -................... Ochotonidae 
b. Six upper cheek teeth in each half jaw (except five in Pentalagus) ; 
postorbital processes on frontal bone usually; cutting edge of first upper 
incisor straight or only shallowly V-shaped; short, visible tail; ears longer 
than broad; hind limbs enlarged -__.........-....--.---c2--c--sccrecececanecencanseonnss Leporidae 


Figure 13. Sciurognath lower jaw of Neotoma (a) and hystricognath lower jaw of 
Proechimys (b). Note the V-shaped pattern of the jaw in the former and the 
Y-shaped pattern in the latter. However, in the latter, the jaw 
may also frequently assume a V-shape. 
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Figure 14. External cheek pouches of Thomomys as they appear in a 
ventral view of a prepared specimen. 


Figure 15. Appearance of infraorbital foramen: side of rostrum, Thomomys (a); 
raised area, Sciurus (b); hole in medial border of zygomatic plate, Eutamias (c) ; 


la. 


oval, Zapus (d); vertical slit, Peromyscus (e). 


Key to Families of Living Rodentia 


Inner surface of angle of lower jaw originates behind (essentially on a straight 
line posterior from) or ventral to the incisor root, ventral view (fig. 13a) 


CASPAR AEE EWA oh Ser tgs ceo een Plast fs eet te 2 
. Inner surface of angle of lower jaw originates lateral to (not on a straight line 

from) incisor root, ventral view (fig. 13b) (hystricognath jaw) -................- 19 
. Infraorbital foramen nearly as large as or larger than foramen magnum ........ 3 
. Infraorbital foramen smaller than foramen magnum .................---.--------------- 6 
. Digits 4-4 and not saltatorial; two inner hind digits with combs...........-....--..------ 

SON: ER CANE Ge OS NET LLUOREM SOM LIN WORE J Ctenodactylidae 
. Digits other than 4-4, or 4-4 and saltatorial; without combs on digits_............. 4 


. Two rows of keeled, imbricated scales on under side of tail; gliding, fleshy 


membrane between fore and hind limbs (except Zenkerella) ; not saltatorial...... 


s igy Re cet? eine ie A eye eure sciha teeth bore tee wee ee Anomaluridae 
. No distinct scales on underside of tail; no gliding membrane; saltatorial.._.._.. 5 
1 Total. teeth..20s digits. 58 etek. Re Fe eee ee a Pedetidae 
. Total teeth 18 or less; weight of hindquarters on digits 2, 3, 4, with 1 and 

SSYCUMCC GeO a cee es he a Re A ga lat Dipodidae 
5 1 Re ERA) oe ae ance tek i a, 5 Ns ela yp vb ua yaedacent 7, 
ZL Ofal tected Sneeeless: ug hi, eect ie cede 2 reece i ig en pita ae 12 


. Infraorbital canal opening laterally on side of rostrum (fig. 15a), not as 


distinct, raised area on side of rostrum, and opening usually anterior to 
zygomatic plate; external, fur-lined cheek pouches present (fig. i: Be eles 8 


. Infraorbital canal not opening laterally on side of rostrum but rather opening 


as a distinct, raised area, or as a hole in medial border of zygomatic plate 
and opening usually posterior to zygomatic plate (fig. 15b, c); no external, 
fur-tined ‘cheek: pouches ol h1)) Sci). ee ee 2 ete eee 9 
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Figure 16. Crown patterns of upper molar teeth (tooth row): prismatic, Microtus 
(a); two rows of cusps, Peromyscus (b) ; laminate with wide folds, Neotoma (c); 
three rows of cusps, Rattus (d); chevron pattern, Rattus (e); octodont or 
kidney-shaped, Ctenomys (f). 


. Digits 5-5; modified for fossorial life, massive skull, enlarged fore feet, etc.; 


VHea Reims Wut GOENIOR. oo aoe Geomyidae 
. Digits functionally less than 5-5 (pollex vestigial in Liomys and Heteromys) ; 

not modified for fossorial life; nasal septum perforated -............. Heteromyidae 
. Digits 4-5; with or without postorbital processes -........--.----------------ee-eee-- 10 
. Digs 33s; wo. posterbital processes: .cs--salcvaseies3-enacs dy een dos ace 11 
. Postorbitdl proceases presenth cise nid Yo i Wes al a a ge Sciuridae 
. WO PIIOTRIIA prncrsePs (2S PONE VEL A. cs cssccscczeecesseeset SE Gliridae 
. Total teeth 20; tail dorso-ventrally flattened, scale covered; hind feet 

webbed; infraorbital canal slitlike, on side of rostrum ..................---- Castoridae 
. Total teeth 22; tail extremely reduced, haired; hind feet not webbed; 

infraorbital foramen oval, in base of zygomatic arch -................. Aplodontidae 
» PG PORECTIE MO Ye BRR eee Ne eb ibane apart atnen <Bia tian piiey 13 
. ROOMBA Ope Gpeinitias 'SPCSONE ° 2222. c2ssccleascsseeccuseexecc ccctsla ges aptege nein ansder-shetér 14 
. No external tail; molar tooth pattern of folds -.............-.-.-.--------------- Spalacidae 


. Short external tail; molar tooth pattern prismatic (similar to fig. 16a) -............-.- 


BNE A) LTD SE Ree meat 8 SSE PNAS) hE LECUSORS LALO) AL SPOOR OR Cricetidae (Myospalax) 


. Each cheek tooth with single root; grooved upper incisors; inflated 


auditory bullae; known only from Kazakhstan -................--.-------- Seleviniidae 


y WPM re bh aadat 2, De Cd eps ARs dses, drama Rial ste the Bete pao 15 
. Cheek teeth with oblique parallel ridges of enamel on crowns; very narrow 


zygomatic plate; base of tail scaly, scantily haired whereas remainder 
bears long hairs, or fur densely spiny -............--------------------- Platacanthomyidae 


, RAI feet. oe sccactsnacy a scuambrcetasess-zepcdacngoeccsassndgsrannecce qauseyanvagageanaateate 16 
. Fossorial (resembling Geomyidae, but lacking external cheek pouches) ; 


ERS Ce ee er TO ee Eat ae ak Rhizomyidae 


Me ie mE ROL EME Nica heed Uh SS ead tabetha bs Ee nite ieee nae 7 
. Infraorbital foramen large, oval, not slitlike (fig. 15d); mandible weak 


COCR ARES SE EE SING. Aad Sh OD SOE AE Cee Zapodidae 


. Infraorbital foramen a vertical slit (fig. 15e), or at least not large and oval; 


TRANGUMNG BONG occ cca ce rcesrsewenscccsoeecnite MEL SEIN GEE EDL PA Ey 18 


. Upper molar pattern prismatic (fig. 16a), cuspidate with two rows of cusps 


(fig. 16b), or laminate and separated by wide folds or valleys (fig. 16c)-.........-. 
0 RR ee eee a ee EE Ee OUR NNN. ace Ts Cricetidae 


. Upper molar pattern never prismatic; if cuspidate, with three rows of cusps 


(fig. 16d) or chevron patterned (fig. 16e); if laminate, laminae not 


separated by wide folds or valleys but appressed closely together ......... Muridae 

. Infraorbital foramen smaller than foramen magnum; digits 5-5; 
A sin ai hit Ra i Sd od aH pel Bathyergidae 
. Infraorbital foramen as large as or larger than foramen magnum.............---.- 20 
. Hind foot with 5 digits, webbed, except hallux free....................-- Myocastoridae 
ee | a nn of ee coe eee et 8 21 
. Greatly enlarged zygomatic arch containing a sinus .............-------- Dasyproctidae 
(Cuniculus) 
. Zygomatic arch not greatly enlarged, no sinus .............--------------------------------+ Ze 
PM nan oan nN tae cA Ee sa Spe a Si cubtgebctienn 23 
s, MPM ANT CEVA I oo Sa heater se ee i tae ans 26 
. Digits partly webbed; paroccipital processes extremely elongated..................--.- 
ri fEnd | "AI pas WPT rin Te RATED ete, Se tena urs “pth” iat eset cme a Hydrochoeridae 
. Digits not webbed; paroccipital processes not extremely elongated -............. 24 
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20 


24a. Cheek tooth pattern of 2 or 3 tightly compressed transverse laminae.................- 
Pi mrNG NE, Ca oon ga re en a TO a ie ly Chinchillidae (Lagostomus ) 
b: Cheek tooth pattern:not as abOver. sic... oes ee ett eth eaten 25 
25a. Cheek tooth pattern of two prisms connected by a single “bridge” of enamel 
and dentine; cheek tooth rows converge anteriorly ...............2..20:22------- Caviidae 
b. Cheek tooth pattern of many tubercles, cross lophs, folds, or enamel islands, 
depending on age; cheek tooth rows not converging anteriorly.........................--- 
aes See A EA KN TENS. PENT Oe Pers OO Dasyproctidae (agoutis ) 
26a. Cheek teeth rooted, not evergrowing -............-.----------------s-cc-ceeceeceeceeceeeeeeeees 27, 
b. eneekstecihcevernrowinie 220-8 5 eae ee ae oe 32 
27a. Upper incisors with three grooves; 4 hind digits; no spines ........ Thryonomyidae 
b. Not with above combination of characters .................22222220000000-22-00000eeeeeeeeeee 28 
28a. Digits 5-5, pollex may be rudimentary but nailed; some with weak spines ....29 
Dip ipits less ant niet.) tee. cee aie ee ct ee a es oe eee tae ee 30 
29a. Facial part of skull inflated by pneumatic cavities; no comb of stiff, bristle- 
like hairs over claws of hind feet 0.00000) ..  e Hystricidae 
b. Facial part of skull not inflated; comb of stiff, bristlelike hairs over 
CLAWS: OF IRE FCOU iano) ak ee et ce rp ea ee Echimyidae 
30a. Without bristlelike hairs or spines over claws of hind feet ............ Erethizontidae 
b. Comb of stiff, bristlelike hairs or spines protruding over claws of hind feet....31 
31a. Occluded teeth will not allow antero-posterior jaw movement; cheek teeth 
With: CUBIS -: REVERS DIY see Boe teats. | teat io! oe aN Nee, 7 et Petromyidae 
b. Occluded teeth will allow antero-posterior jaw movement; cheek teeth with 
fotds and Jophs: Sometimes shiny... 22 la eels toe tee tl Echimyidae 
32a. Without comblike hairs or spines over claws of hind feet -................-.---------- 23 
b. Comb of stiff hairs or spinelike hair protruding over claws of hind feet........ 35 
33a. Digits 5-5 and well developed spines or quills..............2..22.2-.2--2------- Hystricidae 
b:..Digissless than’ 5-5; or-without:spines=.. 3 te Pe a 34 
34a. Digits 4-4; lower slopes and valleys of Andes, rare.............-.---.------ Dinomyidae 
b. Digits more than 4-4; West Indies_.......2..222222222--22-.2--eeeeeeeeee ee Capromyidae 
35a. All molars with octodont (figure 8 pattern) or kidney-shaped crown 
ALEC TIN SCE Ge SAR or pa recta RS ca ST oe lee tg 36 
DOU AIS JOG. see eye car ey, Ln 2 ee eee te cmt Bog eel ee eae ys 37 
36a. Fossorial (resembling Geomyidae, but lacking external cheek pouches) ; 
total len gthi ereater than; 220 mine... i0 cdc ee Ctenomyidae 
b. Not fossorial, more ratlike; or if fossorial, less than 220 mm 
tOtalplen ath we Pe shen se oe pede ae OS OE Deh Octodontidae 
PDR a Oe PONE see Bere ar Ey a ae eee ce A Chinchillidae 
big Disits;moretherrers. o: 8) TaD oo cwe a caer: a ener alte Pee EE 38 
38a. Upper cheek teeth only octodont; frontals constricted above orbits..................-- 
ES ee ied SME nee A ee ee in Oe, Ny ey Oe ee E Abrocomidae 
b. All cheek teeth with pattern of folds and lophs; frontals not constricted 


la. 


ADO NCH US 228 525 oe asaccsreS, bares ate ges Eo ae a hn UY | Echimyidae 


Key to Families of Living Cetacea 


Teeth absent; baleen plates from roof of mouth; blowhole (external nostrils) of 
two slits; skull symmetrical (Mysticeti) ..........2.22.22..-2.-2-.2--2-ceec-eeeceeeeceeeeeeeeeeees 2 


. Teeth present; no baleen plates; blowhole single; skull non-symmetrical 


(Odortocet 100 2 Aer ee, Fee A ke ee Pe kL 4 


2a. 


8a. 


9a. 


Head % to % total length; no longitudinal furrows on throat; maxillae 
without nasal processes; long baleen plates; rostrum narrow and 
highly geched: 2.50 escis- Tera inde ve tieen. noe, dia soak Balaenidae 


. Head less than % total length; longitudinal furrows on throat; maxillae 


with nasal processes; short baleen plates; rostrum broad, or narrow 


ad. DICT seins recaps tear reeerneren ne DS Lee 3 
. Dorsal fin present; 10-100 longitudinal furrows on throat; rostrum broad and 

flat; frontals barely, or not, exposed on vertex..................--.----. Balaenopteridae 
. Dorsal fin absent; 2-4 longitudinal furrows on throat; rostrum narrow with 

arched premaxillae; frontals broadly exposed on vertex............... Eschrichtiidae 
. Beak extremely long and narrow; rami of lower jaw fused or closely 

appressed fontaost oflength: me 002 aeris seal cigual-2ip Platanistidae 
. Beak, if present, short, wide; rami of lower jaw not fused or closely 

appressed: fir Most OF lensthic Sl one, Wesays) casey en Dk goseels 5 
.” Bere: SOU crestetl Ok OO ile air aes es bari Di leton ter 6 
. Not with above combination of characters ................22--.---.--2------c-0eeeeeeeeeeeee 7 
. Zygomatic arch complete; indistinct dorsal fin -............-.-------------- Physeteridae 
. Zygomatic arch incomplete; distinct dorsal fin .....................---------------- Kogiidae 


. One or two large pairs of functional teeth in tip of lower jaw (other, smaller 


teeth may also be present); skull crested; dorsal fin present; tail flukes not 
Rules aad Siler bennett eC LH Ziphiidae 


. Numerous homodont teeth in upper and/or lower jaws, or two functional 


teeth only in upper jaw tip; skull not crested; dorsal fin present or absent; 


IA Sen Se, Se ee LO AY Se 22 ate 8 
Teeth reduced to 2 in upper jaw; no dorsal fin -........ Monodontidae (Monodon) 
. Teeth numerous; dorsal fin present or absent -_............-..----------------------eeeee 9 


Total teeth 32-40 and no dorsal fin; postnasal region of skull not elevated, 
skull. flat @@esaliy)}.v!lccsteovicgsnud boli. Monodontidae (Delphinapterus ) 


. Total teeth 6-200 or more and dorsal fin present; postnasal region of skull 


Chewameckpatcull mot HAG COTS A ie nannies nneessnsnanen nce igen nee Delphinidae 


Key to Families of Living Carnivora 


. Total teeth 30 or less; or if 32, cheek teeth small, weak and widely spaced.... 2 


. Total teeth 32 or more; or if 32, cheek teeth not small, weak and not widely 
TC) TA SN AERIS PESO Peer WORE anpivNR N-Series, Sate tells mebsrrw ier? ka 4 

. Cheek teeth weak and widely spaced .................--------------- Hyaenidae (Proteles ) 

. Cheek teeth strong, not widely spaced: a nn anit henmnnceannernrrnnatnnnrine 3 


Figure 17. Alisphenoid canal, arrows, (a) and auditory bulla constriction, between 
arrows, (b) of Mungus. 
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Ze 


3a. Digits 5-4; face short and flat, skull more globose; claws retractile 
(except Acindarer Woties 2076.3 willy oso 0 ee cae ey Deg Felidae 
b. Digits 5-5; face with longer rostrum, skull more rectangular; 
Clawa nomietractilds cit wisp bead UR he Ballpen Mustelidae 
4a, . Alisphennid. cqnahpresent Higal Ta) icles 2 5 
Mew ry ee RE ot ee aL ae ee EER «Cera 9 
58. DUGG SID au I RE Aten ih a a AG A ads Ug 6 
b. Dieter hoties AA6 oo ra A ee ee ee GY 8 
6a. Auditory bulla constricted and divided by septum externally (fig. 17b); 
cabndstinltwsually present: 2....25. 1206)... 4 eee le i hl} Viverridae 
b. Auditory bulla not as above; carnassials absent ....................---2------------------- M 
7a. Head and body length less than 800 mm ...................... Procyonidae (Ailurus ) 
b. Head and body length greater than 800 mm................-...2--2----------------- Ursidae 
8a. Total teeth 42 or more (except Speothos 38, Cuon 40); auditory bulla not 
constricted and divided by septum externally -.................22.-.-2---22--------- Canidae 
b. Total teeth 40 or less (except Rhynchogale 42); auditory bulla constricted 
and divided by septum externally (fig. 17b) -.............2...2---2--22--------- Viverridae 
9a. Distinct black and white pattern, black ears and eye patches on white head; 
extremely broad, low cusped upper molars; carnassials absent......... Procyonidae 
(Ailuropoda) 
DIREC ch 31d oad So seas tone Sg sas eedacdee sg ae OR ASS 10 
10a. “TotnleGeraie oe 1): Sr wets ee i es? 11 
b. Total tent eG onions, 60. xs). ole nde ee Ee 12 
fi em Sar pak chek ihe MA WU Seo OSeD Viet ALE Neate A SEAR FT er Mustelidae 
bs Dokgmee Dec Mie) 02k a Hyaenidae 
12a. Total teeth 40 Coxtent Pores 36) Stent o tu nate: Mh oh eed Procyonidae 
b.. ‘Fotak teetirSa-Orless 07 5. 220g acer eee ais i ee a Le RE es ne 13 
13a. Auditory bulla constricted and divided by septum externally (fig. 17b)-............. 
Sie GE BTS, ALM) Mote I a Meh ee A iis Se oe Viverridae 
DD, DUOR ROI asa edad cel ced se aac Sion Soeatecotgsdiesnemedaleg tie then ahd Mustelidae 
Key to Families of Living Pinnipedia 
la. Well developed postorbital processes; small external pinna present; 
alsiphenoid canal present (fig. 17a) ...........2...22..22-..-2-1-2-000220eeeeeeeeeeeee Otariidae 
b. Postorbital processes vestigial or absent; no external pinna; alisphenoid 
canal.absent (except Od obesi Re) ac in pepe ps adapt ee 2 
2a. Upper canines modified as tusks, lower canines molariform; no lower 
incisors; can rotate hind limbs forward under body ...................... Odobenidae 
b. No tusks, all canines similarly developed; 2 to 4 lower incisors; cannot 
retebe Wand lies forward nn 2 nao ae a agen Phocidae 
Order Tubulidentata 
Family Orycteropodidae 
Order Proboscidea 
Family Elephantidae 
Order Hyracoidea 


Family Procaviidae 


Key to Families of Living Sirenia 
la. No upper incisors; nasal bones present; jugal bones not in contact with 
premaxillae; vestigial nails on flippers; tail “fin” rounded.............. Trichechidae 
b. One pair of upper incisors, tusklike in male, concealed in bone in female; 
nasal bones vestigial or absent; jugal bones in contact with premaxillae; no 
nails on flippers; tail “fin” deeply notched ..................2...22..-22--2+--- Dugongidae 


Key to Families of Living Perissodactyla 
la. Total teeth 34 or less; incisors and canines, when present, vestigial; digits 
4-3 or 3-3, enclosed by hooves; nasal bones enlarged, overhang 


premaxiliat pbusuially) meer! -wob- (21 22).smomus, uid -disats Rhinocerotidae 
b. Total teeth 40 or more; incisors and canines strongly developed; digits 
4-3 or 1-1; nasal bones not enlarged, not rugose ............-....2...--22-.--2200--------- 2 


2a. Digits 4-3; nasal bones short, triangular, tapering and projecting freely 
anteriorly; nose and upper lip elongated as a short proboscis; cheek teeth 


with transverse;ridges; open jOrbit wou! -css-:saninelevelslisncdin le. Tapiridae 
b. Digits 1-1; nasals not triangular; no proboscis; cheek teeth with flat surfaces 
and highly folded enamel loops; closed orbit ......................2----2----------- Equidae 


Key to Families of Living Artiodactyla 
la. Upper incisors present; molars bunodont (fig. 18a) or selenodont 


(Camelidae) (as in fig. 18b); no horns or antlers ~...-....222..2222..222202---000-2000++- 2 
b. Upper incisors absent; cheek teeth selenodont (fig. 18b); may have 
TOT HR STEIN ote eo STI 5 


Figure 18. Crown patterns of bunodont, Sus (a), and selenodont, 
Odocoileus (b), molar teeth. 


2a. Molars selenodont; digits 2-2 __.............--sucu ue a ad as Camelidae 

b. Molars bunodont; digits 4-4 or 4-3 222.222.222.222 .222ceeneee ence ee eee eeeeeeeee a 
3a. Skull very massive, orbits protected dorsally by protruding bone; canines 

enormous, evergrowing; nostrils anterodorsally placed -......... Hippopotamidae 


b. Skull not massive, orbits not protected dorsally by protruding bone; canines 
as tusks, frequently recurved; nostrils contained in flattened, terminal, 
cartilaginous pad. (engttt) id.ainence oi iooielwnculiolioaaallod Bsc, 4 
4a. Digits 4-3; incisors 2/3, total teeth 38 -...........222..2222...222.0--22-0--2----- Tayassuidae 
b. Digits 4-4; incisors 3/3, total teeth 44 (except Babyrousa, incisors 2/3, 34 
total teeth; and Phacochoerus, incisors 1/3, 34 total teeth) (Tooth number is 
highly variable in suids, especially incisor number) ...................-..-.-.------ Suidae 
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8a. 


b. 
9a. 


10a. 


Figure 19. Rugose condition of enamel of Giraffa cheek tooth. 


. Enamel of cheek teeth heavy, rugose (fig. 19) ; dew hooves (2nd and Sth 


GPLSNES ) AP ACEINE 506 ery roth A RE LN UENO SS 1G hs Coke Xe Giraffidae 


. Enamel of cheek teeth not heavy, not rugose; dew hooves present or absent... 6 
. Upper canines’ present; antlers’ present on some 
. Upper canines absent; horns! or antlers: on most 
. Digits 4-4, of subequal development; no lacrimal fossa; no, or very small, 


facial vacuity (fig. 20); no antlers; orifice of lacrimal canal (fig. 20) single, 


or, if double, one opening much the larger 
. Digits 4-4, 2nd and 5th greatly reduced; lacrimal fossa present; facial vacuity 


RSE POTTY Pt Bee Ree eee Tragulidae 


present (fig. 20a); antlers on some; orfice of lacrimal canal 
ree T og 6 Tec 1”) ek i ROE, So ene NPE ne RO ee one Cervidae 


1Some females lack these characters . 


EITHER 
Dew hooves present; horns or 
antlers’ present, o..:.02 2.052 t ee 9 
Dew hooves absent; horns present....10 
With antlers; facial vacuity present 
(may be obscured in large, old 
specimens) (fig. 20a) ; orifice of 
lacrimal canal double (fig. 20a).......... 
asa eP TR esd ul eM oe lately baked 5 Cervidae 


. With horns; facial vacuity reduced 


or absent (some exceptions) (fig. 
20b); orifice of lacrimal canal 

usually single (fig. 20b) -......... Bovidae 
Deciduous horn with bony core; 
facial vacuity present (as in 

fig 20a)» 222: ease Ale Antilocapridae 


. Non-deciduous horn with bony core; 


facial vacuity reduced or absent 
(some exceptions) (fig. 20b) ..Bovidae 


OR 


. Deciduous horn with bony core; dew 


hooves absent; facial vacuity present 
(as in fig. 20a) -...........-.. Antilocapridae 


. Not with above combination 


OF Caractere. 4. ae ee 9 


. With antlers; facial vacuity present 


(may be obscured in large, old spec- 
imens) (fig. 20a) ; orifice of lacrimal 
canal double (fig. 20a) -......... Cervidae 


. With non-deciduous horns; facial 


vacuity reduced or absent (some 
exceptions) (fig. 20b); orifice of 
lacrimal canal usually single 

CBee ZOD Jarl eee cei Bovidae 


Figure 20. Double lacrimal canal orifice (two arrows) and facial vacuity (lined area 
anterior from upper arrow) of Odocoileus (a) and single lacrimal canal orifice 
(single arrow) and absence of facial vacuity of Gazella (b). 
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GLOSSARY 


Alisphenoid bone —bone in the posteromedi- 
al portion of the orbit containing the last three 
of a series of four large foramina. 
Alisphenoid canal —opening partly connect- 
ing the two posteriormost foramina of the 
alisphenoid bone (fig. 17a). 
Alveolus—tooth socket. 

Angle of jaw—the most posterior, ventral pro- 
jection of the ramus. In marsupials, this is 
inflected, that is, curved, usually medially 
(fig. 1). 

Antitragus —fleshy, cartilaginous protrusion 
of the pinna at the back (posterior) of the 
ear opening. Small in most mammals. 
Auditory bulla —enlargement of bones located 
below external ear openings in posterior half 
of skull. Varied in development. 

Basioccipital —bone in ventral part of skull 
bounded posteriorly by foramen magnum 
and laterally by the auditory bulla complex. 
Beak —clearly distinguishable anterior elon- 
gation of rostrum of some whales. 
Bilophodont —two distinct ridges along the 
functional surface of a tooth formed by 
enamel connnection between two cusps (fig. 
12). 

Bony palate —portion of roof of mouth com- 
posed of bone. In skull, bounded by alveoli 
and internal nares. 

Bony skin —skin which has ossified and is as 
hard as other skeletal parts, for example, 
armadillos. 

Brow ridges —prominent ridges of the frontal 
bone located above the eye sockets. 

Canine tooth —an enlarged (usually) tooth 
anterior to the premolars. The most anterior 
tooth (when present) of the maxillary bone 
in the upper jaw. On dentary bones of lower 
jaw, immediately anterior to upper canine 
when jaw closed. Single-rooted and single- 
cusped usually. 

Caniniform —resembling a canine tooth. 
Carnassial teeth —last upper premolar and 
first lower molar of most carnivores which 
act to shear (like a pair of scissors) when oc- 
cluding, rather than crush when the surfaces 
meet. 

Cheek teeth —the premolars and molars. 
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Chevron pattern —pattern on the functional 
surface of a tooth characterized by a series of 
V-shaped enamel ridges (fig. 16e). 
Claw—a sharp, horny projection from the tip 
of a digit. Resembles a folded, sharpened nail. 
Cochlea —part of inner ear. Somewhat coiled 
bone which is part of bony auditory complex. 
Comb—-series of stiffened hairs projecting 
over claws of some rodents. 

Cranium—the skull, not including the lower 
jaw. 

Cuspidate —pattern on the functional surface 
of a tooth consisting of pointed or rounded 
enamel elevations. May be worn at least part- 
ly to the dentine in older individuals (fig. 
16b, d, e). 

Dental formula —method of designating the 
number and location of teeth in a heterodont 
dentition, or location in a homodont denti- 
tion. I 3/3, C 1/1, P 4/4, M 3/3 = 44 means 
that there are three upper and three lower 
incisors, etc., on each side of the mouth, 
therefore, a total of 44 teeth in the mouth. 
Dentary bone —one of the two bones com- 
posing the lower jaw. 

Dentine —bonelike material under the enam- 
el and forming the major part of a tooth. May 
be exposed in certain types of teeth such as 
those of rodents, resulting in surface patterns 
of dentinal lakes surrounded by the harder 
enamel. 

Dew claw —elevated termination of reduced 
digits in some carnivores and others. Nor- 
mally does not touch ground when walking. 
Dew hoof—as preceding except digit termi- 
nates as a hoof. Found in many artiodactyls. 
Diastema —a distinct space between teeth in 
a heterodont dentition where a tooth or teeth 
are not normally present, particularly the ca- 
nine. Used mostly with regard to lagomorphs, 
rodents, and sirenians. 

Digit —finger or toe. 

Digital formula —method whereby the num- 
ber and arrangement of fingers and toes on 
each limb is designated. Digits are numbered 
medial to lateral from 1 to 5 with digit 1 be- 
ing the pollex (or hallux). A mammal with 
a digital formula of 5-4 has five digits on each 


fore foot, four on each hind foot. In some 
rodents, especially on the fore foot, a nail 
may be present even though the digit is essen- 
tially missing and nonfunctional. This is not 
counted as a digit in the digital formula. 
Enamel—smooth, hard outer coating of the 
teeth of most mammals. 

External auditory canal — bony extension of 
auditory bulla containing the external audi- 
tory meatus at its termination (fig. 11b). 
External auditory meatus — opening of audi- 
tory bulla on the outside surface of the skull. 
Face —anterior portion of the skull, approxi- 
mately from and including the orbits forward. 
Facial vacuity —opening on the face of skull 
bounded by the frontal, lacrimal, maxillary, 
and nasal bones in some artiodactyls. Pre- 
vents articulation of the lacrimal and nasal 
bones (fig. 20a). 

Flipper —a broad, flattened limb modified for 
the posterior part of the body of whales re- 
sulting in tail “fin.” 

Flukes —horizonta (lateral) projections of 
swimming. 

Foramen magnum —opening in basal or pos- 
terior portion of skull through which the 
spinal cord exits. 

Fossorial—adapted to underground life. Char- 
acterized by reduction of eyes and pinnae, 
soft silky fur, enlarged feet for digging, short 
tail, and a sausage-shaped body. 

Frontal bone —one of the bones forming the 
forehead, brow ridges, and roof of the orbit. 
Glenoid fossa—concavity for articulation of 
the dentary bone. 

Hallux —first digit of hind limb. Big toe. 
Heterodont —dentition in which the teeth are 
of several kinds, not essentially identical in 
form and function. 

Homodont —dentition in which the teeth are 
of a single kind, usually about the same size, 
and are essentially identical in form and 
function. 

Hoof —a heavy, horny covering over the ex- 
ternal surface of the tip of a digit. Varied in 
development. 

Imbricate —overlapping. 
Incisiform—resembling an incisor tooth. 
Incisor tooth —one of the anteriormost teeth 


in the upper and lower jaws; located on the 
premaxillary bone in the upper jaw. Single- 
rooted and occasionally bifid or trifid. Vari- 
ously adapted for scraping, snipping, hold- 
ing, etc. 

Infraorbital foramen —opening on side of ros- 
trum or below zygomatic plate or arch (fig. 
5 

Interfemoral membrane —webbing of skin ex- 
tending between hind legs of bats and includ- 
ing all or much of the tail (if present) (fig. 
jake 

Jugal —central bone of the zygomatic arch 
articulating anteriorly with the maxillary 
bone. 

Keeled —characterized by having a raised 
strip along the center (usually) of the struc- 
ture described. 

Lacrimal bone —one of the bones usually ar- 
ticulating with the posterior portion of the 
nasal bone and forming part of the anterior 
and medial wall of the orbit. 

Lacrimal canal —opening on the lateral edge 
of the orbit within the lacrimal bone (fig. 
20). 

Lacrimal fossa —depression in the lacrimal 
bone in some artiodactyls. 

Laminate —pattern on the functional surface 
of a tooth consisting of a series of thin plates. 
A tooth composed of a series of thin plates 
(fig. 16c). 

Lobate—having two (or more) rounded parts. 
Mandible —lower jaw. In rodents, may be 
considered strong (heavy bone, bold outline, 
not flaring medially) or weak (weaker bone, 
flaring medially with resultant lessening of 
the bold lateral outline). 

Maxilla (maxillary bone )—one of the bones 
forming most of the upper jaw. Contains the 
upper cheek teeth and canines. Process may 
form anterior portion of the zygomatic arch. 
Molariform—resembling a molar tooth. 
Molar tooth —a three- or four-rooted tooth in 
the posterior portion of the jaws mostly 
adapted for crushing foods. 

Nail—a thin, horny plate on the upper side of 
the tip of a digit. 

Nasal bone —one of the two small bones 
forming the bridge of the nose. 
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Nasal septum —cartilaginous separation of 
the two external nares (nostrils). 

Nose leaf —fleshy, cartilaginous structure ex- 
tending dorsally from the tip of the nose of 
some bats. Variable in development. Diffi- 
cult to discern on dry specimens if leaf small. 
Occlusion —closing of tooth rows to the point 
where upper and lower teeth touch one an- 
other. 

Orbit—eye socket. A closed orbit results 
when zygomatic and frontal postorbital pro- 
cesses meet and enclose eye posteriorly with 
bony ring; otherwise orbit is open. 

Orbital fossa —depression on the frontal bone 
(mostly) where eye is located. Mostly an- 
terior to the postorbital processes. Usually 
confluent with temporal fossa but may be 
completely separated by bone in some forms, 
for example, higher primates. 

Palatine bone —one of the bones forming the 
major part of the hard palate (roof of mouth). 
Paroccipital process —extension of the occip- 
ital bone over the posterior portion of the 
auditory bulla. 

Patagium —membrane or web of skin making 
up the wings of bats. Also the folds of skin 
between the tail, legs, and neck of some squir- 
rels, marsupials, and the flying lemurs. 
Phalanx (plural, phalanges )—individual bone 
making up sections of digits. 

Pinna —cartilaginous protrusion about the 
external auditory meatus. “Ear.” 

Pollex —first digit of fore limb. Thumb. 
Postorbital process —bony projection from 
the frontal bone marking the posterior edge 
of the orbital fossa and anterior edge of the 
temporal fossa. (May also refer to projection 
from the jugal, but usually not so used in 
these keys.) Posterior to the eye. 

Premaxilla (premaxillary bone )—one of the 
paired bones forming the anteriormost por- 
tion of the upper jaw. Contains the upper in- 
cisor teeth. 

Premaxillary gap —space between extreme an- 
terior parts of the maxillae or premaxillae 
because of the lack of the palatal branches of 
the premaxillae or the entire premaxillae (fig. 
8a). 

Premolariform—resembling a premolar tooth. 
Premolar tooth —a two- or three-rooted tooth 
anterior to the molars and posterior to the 
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canines. Variously adapted for crushing, sec- 
tioning, etc. 

Prismatic —pattern on the functional surface 
of a tooth characterized by triangular and 
other shapes formed by enamel surrounding 
dentinal lakes and resulting in a flat surface 
for grinding (fig. 16a). 

Proboscis —fleshy extension of the nose and 
upper lip of elephants (trunk) and tapirs. 
Procumbent —exaggerated condition of in- 
cisor teeth in which they may extend straight 
forward (fig. 4). 

Quill —an extremely stiff, large, sharp-pointed 
outgrowth of the skin (probably modified 
hairs). Heavier than a spine. 

Ramus —either half of the lower jaw, sepa- 
rated anteroposteriorly. 

Rostrum —portion of the skull anterior to the 
orbits. 

Rugose —corrugated pattern in enamel of 
major portion of a tooth (fig. 19). 
Saltatorial—hopping type of locomotion. 
Characterized by enlarged hind limbs and 
feet and frequently with an elongated tail, 
for example, kangaroo, jackrabbit, etc. 
Scale—a thin, hard, flat plate of material 
covering part of the skin. Developed to vary- 
ing degrees. 

Sinus —hollowed out medial area of the zygo- 
matic arch. Or, cavities within certain bones. 
Skull —the entire bony structure making up 
the head of a mammal, including the lower 
jaw. 

Spine —a stiff, sharp-pointed, modified hair. 
Lighter than a quill. 

Syndactyly —condition of digits where bones 
of at least two digits are enclosed within a 
common, fleshy sheath. In marsupials, the 
second and third digits of the hind foot are 
frequently so united resulting in a digit that 
appears double-clawed (fig. 3b). 

Temporal fossa —depression on the temporal 
(squamosal) bone (mostly) posterior to the 
postorbital processes. Usually confluent with 
orbital fossa but may be completely separated 
by bone in some forms, for example, higher 
primates. 

Tragus —fleshy, cartilaginous protrusion of 
the pinna at the front of the ear opening. 
Usually much enlarged in bats (fig. 5b). 


Transverse plate —one of the series of large, 
heavy, flattened parts which make up the 
cheek tooth of an elephant (fig. 2). 

Vacuity, facial—see facial vacuity. 

Vestigial —refers to a structure greatly re- 
duced in size from the usual in the taxon 
under consideration. 
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Zygomatic arch —portion of the skull com- 
posed of the jugal and parts of the maxillary 
and squamosal bones. Cheek “bone.” 
Zygomatic plate—anterior, flattened maxil- 
lary portion of the zygomatic arch of some 
mammals, for example, rodents. 
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